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PREFACE 

The  model  investigation  reported  herein  was  authorized  by  the 
Office,  Chief  of  Engineers  (OCE),  U.  S.  Army,  on  U March  1976,  at  the 
request  of  the  U.  S.  Army  Engineer  District,  St.  Paul. 

The  study  was  conducted  during  the  period  March  1976  to  May  1Q77 

— -mi  — li  ■! 

in  the  Hydraulics  Laboratory  of  the  U.  S.  Army  Engineer  Waterways  Experi- 
ment Station  (WES)  under  the  direction  of  Messrs.  H.  B.  Simmons,  Chief 
of  the  Hydraulics  Laboratory,  and  J.  L.  Grace,  Jr.,  Chief  of  the  Struc- 
tures Division,  and  under  the  direct  supervision  of  Mr.  N.  R.  Oswalt, 
Chief  of  the  Spillways  and  Channels  Branch.  The  engineer  in  immediate 
charge  of  the  model  was  Mr.  B.  P.  Fletcher,  assisted  by  Mr.  R.  L.  Bryant. 

During  the  course  of  the  investigation,  Messrs.  Sam  Powell,  John 
Robertson,  and  Robert  Kinsel  of  OCE;  Joe  Jacobazzi,  John  Suhm,  Jose 
Ordonez,  and  Fred  Korbus  of  the  North  Central  Division;  and  Jim  Muegge, 
Robert  Penniman,  Martin  Farber,  and  Tom  Pennaz  of  the  St.  Paul  District 
visited  WES  to  discuss  the  X'i'ogram  of  model  tests,  observe  the  model  in 
operation,  and  correlate  test  results  with  design  studies. 

Directors  of  WES  during  the  conduct  of  the  study  and  the  prepara- 
tion and  publication  of  this  report  were  COL  G.  H.  Hilt,  CE,  and 
COL  John  L.  Cannon,  CE.  Technical  Director  was  Mr.  F.  R.  Brown. 
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CONVERSION  FACTORS,  U.  S.  CUSTOMARY  TO  METRIC  (Si) 
UNITS  OF  MEASUREMENT 


U.  S.  customary  units  of  measurement  used  in  this  report  can  be 
converted  to  metric  (Si)  units  as  follows: 


Multiply 


inches 


miles  (U.  S.  statute) 


square  miles  (U.  S. 
statute) 

gallons  per  minute 


feet  per  second 
cubic  feet  per  second 


0.30148 

1.6093M 

ko)*6.856 

2.589988 

3-78^^12 

0.30)18 

0.02831685 


To  Obtain 

millimetres 
metres 
kilometres 
square  metres 
square  kilometres 


cubic  decimetres  per 
minute 

metres  per  second 
cubic  metres  per  second 
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INDIAN  CllKKK  PUMIMNC  STATION.  MANKATO.  MINN  by  OTA 
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PANT  l:  INTHOPUCTION 

The  Prot  otypo 

l,  Tho  Imiiau  Crook  atosm-wator  pumping  sstatlon  will  bo  looat.oil 
about  70  ml  loss*  ssouthwosst  ol'  Mitmoapolit,  . i.sskalo,  Minnossot  a , at  t Iso 
Junotlon  of  l suit  an  Crook  with  tho  Minnesota  Kivor  on  tho  i-l^lit  bank  of 
t ho  Minnossot.  a K l vor  .about  Mo  ft  downs tsvart  from  1).  C>.  highway  iho 
briiltfo  (Figure  1 and  Platon  1 and  C).  fb.o  Indian  Crook  wutonshed  oovorss 
about  r'7CC  aoross  (8.0  ss.juaro  mi  lost).  Tho  pumpt  stp.  station  onn  bo  rot  for 
manual  or  automat io  oporat.lon  and  will  bo  used  for  pumping  sstorm-vator 
rnuoff  only.  Petal  lsi  of  tho  original  design  jnf.tr l n»?  s'.tation  aro  shown 
itt  Plato  1. 

C.  Tho  Ploasaut  Pt root  ponding  aroa  loon tod  .about  1000  ft  up- 
sttrosuss  of  tho  pimping  station  (Plato  .')  will  oontrol  tho  turnoff  from  tho 
uj'per  aroa of  tho  wntorsshoil.  Kunoff  from  tho  1 13-aoro  Arts i stay.0  aroa 
hot  worn  tho  pondlssy  aroa  sunt  tho  pumping  station  will  flow  dis'oetly  to 
t ho  pumping  station  via  olosod  oonduit  ami  opon  ohauttoi . Tho  j'tvposod 
pimp  I ny  tat.  ion  will  bo  of  tho  wot -pit  ( r.  strip)  typo  and  will  omploy  four 
vortioal  shaft  pumps*  to  provido  a pssmpissy  onpnoit.y  of  I'lo.OOO  ypm . 
Trssshraoks  will  bo  provided  for  protootion  of  all  ptssttps.  Tho  pumps  d i s- 
oharyo  direotly  to  a oommoss  ynte  well  outflowing  to  tho  rivor  dnriny 
blooko.t  gravity  drnlunyo  oon.ii t loins . 

1.  Tho  out  lot  sat  or.  of  tho  Ploassaut.  C>t  root  poudiny  ssroa  will  bo 
rosssot  o-oont  rol  lo.i  from  tho  pumping  sstatlon.  Pssriny  flood  periods,  tho 
^ at  or.  will  normally  ho  o losod ; howovor,  stored  vat  or  may  bo  used  t o any- 
mont  flows  to  tho  jnimplny  sstat.iou.  Poak  release  rator.  from  tho  potidlny 


A tablo  of  far  tons  foi'  eonvortissy  il.  . our  t om.ary  unit.;;  of  menssurr- 
mosst  to  mot.rlr  (f>l ) unit. a its  ju'esont ed  ost  pnyo  1. 


iii'hi  will  not  exceed  >00  efsP  The  sstatlon  will  Include  three  T — t*t 
Sijn.*i re  conduits  t hat  will  convoy  gravity  flown  to  the  river.  Purina  po- 
tent ini  flood  periods  when  t In'  river  roaches  el  7<'l  »*  the  sluice  pates 
in  the  prsvity-flow  outlets:  will  be  closed,  the  four  sluice  pates  nt  the 
ent  rnnee  to  the  pump  sump  will  be  opened,  the  pumps*,  will  be  activated, 
ntul  the  vnter  level  in  the  snimp  will  be  pumped  to  minimum  rump  elovnt.ion 
(el  P'7 ) . 

Purpose  of  Model  :~t  ndy 


It . The  model  r>t  ud>  was*,  conducted  to  evaluate  the  characteristics'! 
of  pimped  nnd  gravity  flow:',  in  the  orlpinn  1 destpn  pump l up  station  and 
to  develop  modifications  re.pi i i*ed  for  Improving  the  dint  rihut  Ion  of  flow 
to  the  pump  Intakes  and  gravity-flow  outlets. 
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PART  II:  THE  MODEL 

Description 

‘5.  The  model  of  Indian  Creek  pumping  station,  constructed  to  a 
linear  scale  ratio  of  1:10,  was  fabricated  of  transparent  plastic  and 
included  100  ft  of  the  approach  conduits,  sump  forebay,  pump  sump,  trash- 
racks,  pump  intakes,  and  SO  ft  of  gravity-flow  conduits  (Figure  ? and 
Plate  3).  Flow  through  each  pump  intake  was  provided  by  individual  suc- 
tion pumps  that  permitted  simulation  of  various  flow  rates  through  one 
or  more  pump  intakes.  Various  flow  conditions  through  the  gravity-flow 
conduits  were  also  provided  by  individual  suction  pumps. 

6.  Water  used  in  the  model  was  stored  and  recycled  in  a headbox 
and  discharges  were  measured  by  turbine  flowmeters.  Water-surface  ele- 
vations were  measured  by  staff  and  point  gages.  Velocities  were  mea- 
sured by  a pitot  tube  and  a turbine  current  meter.  Current  patterns 
were  determined  by  dye  injected  into  the  water  and  confetti  sprinkled 
on  the  water  surface.  Pressure  fluctuations  at  the  pump  intakes  were 
measured  by  5-0-in.-diam  (prototype)  electronic  pressure  cells  (Figure  3) 
flush  with  the  floor  of  the  sump  directly  below  the  center  line  of  the 
pump  column.  Swirl  in  the  pump  intakes  was  measured  by  vortimeters 
(freewheeling  propellers  with  zero  pitch  blades)  located  inside  each 
pump  intake  at  the  approximate  position  of  the  prototype  pump  propeller 
(Figures  U and  ^)- 


Interpretation  of  Model  Results 

7-  Accepted  equations  of  hydraulic  similitude,  based  on  Freudian 
criteria,  were  used  to  express  the  mathematical  relations  between  the 
dimensions  and  hydraulic  quantities  of  the  model  and  prototype.  The 
general  relations  expressed  in  terms  of  the  model  scale  or  length  ratio, 
L^,  are  presented  in  the  tabulation  on  page  10: 
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original  design,  pumps  2 and  3 operating 
sump  el  T57 


Figure  5*  Flow  condition 


Dimension 


Scale  Relation 


Length 


Velocity 


ure 


Frequency 


Measurement  of  discharge,  water-surface  elevations,  heads,  velocities, 
pressure,  and  frequency  can  he  transferred  quantitatively  from  the  model 
to  prototype  equivalents  by  these  scale  relations. 
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TK:'T:«  AND  liK:'IU,T:' 


0 «*  1 1;  1 1\.‘\  T Poston 

'i . Tlu'  l:lO-sonlo  reprodnol Ion  oP  I ho  original  dostfiu  oP  t ho 
gravity- Plow  soot. loti  and  1 ho  pump  sump  1 no  1 mi  1 itf;  tho  Pour  pumps, 

(.ho  fli-iu.  pump,  and  (ho  r?)i-itt.  rot. urn  Plow  oomhtit  t :*•  shown  in  Fly.itro  It. 
TUo  pumps  worn  ttumhorod  ns  i tut  Ion  tod  In  KiRitro  !».  Tho  fli-ln.  pump 
(pump  l)  h;nl  n 15,000-ftpm  enpnotty  ami  was  dosif’ttod  to  pump  during:  pe- 
riods oP  low  ittPlow.  Knoli  lh-ln.  pump  hail  a onpnoily  of  lit, 000  ppm. 

Pump  oould  rol  urn  as  muoh  as  l‘»,000  ppm  tv'  t ho  sump  throuph  tho  ph-iti. 
rot  urn  Plow  ootutult  to  rovluoo  pump  oyollnp.  Hydrant le  porPormauoo  v't‘ 
tho  I'ump  sump  ami  gravity- Plow  out  lot  woro  ovaluntovl  hy  visual  ohsorva- 
l.lons  oP  Plow  ov'iuttt.lous  atul  moasuromoat  s v'P  volooltlos  tuul  Plow  distri- 
butions, pressures  on  t.ho  p.loor  oP  tho  sump  vllrootly  ho  low  tho  vortloal 
axis  oP  t.ho  pump  oo  litmus,  tuul  rotat  .loti  oP  Plow  at  tho  approx  limit  o posi- 
tion whet'o  oaolt  propolior  will  ho  located  in  t.ho  protol.ypo, 

o.  Various  ptmtp-itnhteovl  Plow  ootnlil. ions  nro  1 1 luslrat  o«l  in 
I'hoi.os  1-7.  TntMow  Prom  tho  t.hroo  ootuhtll.s  tended  tv'  romaltt  v'onoen- 
trnt.od  in  t lio  ootii.r.al  portion  v'P  tho  forohny  ami  sump,  This.  uneven  Plow 
(Ustr.lhut.iou  provhtood  counter  eddies  on  opposlto  sides  of  t ho  sump 
(Photon  >i-T)  that  induced  adverse  olroulattoii  in  t.ho  vicinity  of  tho 
pump  intake's.  Air-ettfraltilttp  vortexes  (Filin'*'  '»)  ooourrod  Intermlt- 
i.oni.Ty  at.  t.ho  pump  ititnkos.  Plpuro  6 shows  tho  stag's  In  t ho  development 
ol’  an  alr-ent  rulninfi  vortex  Prom  a small  depression  in  tlio  walor  mtrPavv 
whioh  prndttnlly  hooomos  deeper  uulil  tilr  hul'l'les  tut  orml  t t out  ly  hroak 
away,  Pormlny,  a oont.lniious  air  ooro  ox  tend  lap  into  t lit"  pump  iulakt'. 
Advorso  ourront.s  in  tho  sump  woro  ampliPlod  wlion  tho  roturr.  Plow  from 
pump  1 was  dtschnrpod  Into  1 ho  forohny  tu'rmal  I v'  ilu'  inPK'w  ourront. 

(Photo  8).  Tho  presotioe  of  tho  trnshraoka  viivi  not  affect  lh«'  flow. 
Pressure  fiuot.uat  ions  oxprossod  as  fool  oP  wat  or  ami  rotational  Plow 
tondoiu'ien  oxprossod  as  rovolufions  l'<'r  minute'  in  tho  prototype  intakes 
and  pumps  nro  pi  veil  in  Table  1.  Tho  majority  oP  tho  monsuromont  s 
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Figure  6.  Stages  in  development.  of  air- 
entraining  vortex 

indicate  that  1 ho  pressure  fluctuations  may  he  related  to  the  speed  of 
the  vorti meter  or  rotation  of  flow, 

10.  With  the  Rates  to  the  pump  sump  closed  and  the  maximum  antici- 
pated dinchat'Re  of  <105  efs  throuRh  the  gravi  t.y-flow  sect  ion,  a sever*' 
contraction  of  flow  occurred  at  the  right  abutment  as  illustrated,  in 
Photo  0,  The  contraction  appeared  to  cause  significant,  head  loss  in 
flow  through  the  gravity-flow  section. 

Alternate  Designs 

11.  Several  designs  were  investigated  to  develop  one  that  would 
uniformly  distribute  water  to  the  pump  intakes  and  provide  satisfactory 
flow  to  the  gravity-flow  section.  Flow  separation  at  the  pier  noses 
was  reduced  by  adding  1-ft  radii  to  the  noses  of  the  piers  as  shown  in 
Plate  h . Flow  was  more  evenly  dispersed  in  the  forehay  and  uniformly 
distributed  to  the  pump  intakes  by  the  baffle  shown  in  Plate  I*.  The 
baffle  also  improved  the  flow  distribution  when  flow  was  being  recycled 
to  the  sump  through  pump  1 and  the  return  flow  conduit.  However,  ad- 
verse currents  in  the  sump  and  intermittent  nonair-entraining  vortexes 
were  observed  in  the  vicinity  of  the  pump  intakes.  Adverse  flow 


I 


patterns!  that  occurred  slue  to  tins  return  t'low  and  the  iinnyuiimet.rlenl  so- 
omet.ry  ot‘  Ltie  pump  sunup  were  Improved  by  addins  Use  itivlder  wall  (type  l) 
shown  in  Plate  !i.  However,  the  divides'  wall.  isolated  the  pli-in.  pump 
smd  created  ndverne  flow  conditions;  in  pump  bay  1 when  the  pump  wssss 
opersit  I ns . 

12 . The  per  t'onminee  of  the  y.ravi  ty-l‘iow  r.ection  was:  improved  by 
extend  l lift  the  srnv  i ty-flow  conduits;  snui  pos:  1 tionlus  the  hesulwall  it. 5 ft 
uptitresim  ass  siliown  by  ti»e  daubed  lines:  in  Plate  it.  Tills;  modlficsitlou 
provided  a moi'e  direct,  route  find  reduced  eontraetion  of  flow  euterius 
the  srnvt ty-flow  conduits;. 

13.  Tin'  type  .’  divides'  wal  i with  a rounded  none  (Pinto  r0  w s i s',  iu- 

. tailed  in  tile  model,  and  lens;  eontrsiclion  of  flow  wsu;  oinservi'd  around 
tiie  none  of  t lie  divider  wail  and  more  uniform  flow  di  nt.r  i but  ion  reunited 
insilde  t lie  pli-in.  pump  i'siy.  Ai  though  the  type  f dividin'  wall  was;  a nls- 
nifieant.  improvement.,  suirfnee  eddies;  tended  to  ext  sit.  in  Uie  vicinity  of 
tin'  pump  eoinmn.  A hnusins  baffle  was;  lusstsslled  3 ft.  downnt. resun  from 
the  entrance  to  the  pls-in.  pump  b;iy  (Plate  S ) . The  lower  part,  of  the 
baffle  extended  down  to  el  ft  below  the  minimum  sunup  elevation. 

K!ow  .aceel (United  ass  it  panned  below  tiie  baffle  and  war.  more  uniformly 

d l s’.t.r United  Itmlde  tiie  pump  imy.  No  suirfnee  eddies;  were  obsierved  in  (die 
vicinity  of  the  f’li-iu.  pump. 

lit.  Additional  modi  fi  cat  ions;  were  Investt  touted  in  an  .attempt  to 
improvs'  flow  disit  riimt  ion  t.o  the  four  lb-in.  pumps;.  Tin*  type  3 baffle 
wan  iasit.al.led  across.;  tiie  forebay  sis;  shown  in  Plate  bn,  tut.  tosstss  re- 
veal mi  tints.;  modification  did  not.  n tsnl  f leant,  ly  improve  t‘i('w  dintribut . Ion. 
Tiie  type  ? baffle  provided  swat  is; factory  flow  distribution  to  t.lie  gravity- 
flow  section  witii  nil  d is’.eiinrften,  liieludins  tiie  maximum  ruts'  of  091.  ct's. 

lr«.  Tiie  type  J baffle  wan  lasstnlled  ssei'osss;  the  forciuiy  (Plate  Ob) 
to  provide  si  more  uniform  flow  distribution  with  sill  oomhlnahioun  of 
pumps;  operating  at  suit.  t('  l psit  ed  r.nmp  elevations'.  Wat  er-nur  face  depros'— 
uii'un  r.lmliar  to  sst.ay.e  (e)  in  Pi  sure  b were  t'vldont  in  the  vicinity  of 
each  of  the  four  lb-in.  pump  intakes;.  Although  tin'  type  1 and  .several 
other  baffle  der. ip, an  invcsit. ifiated  impi'oved  tin'  liyulia.di  ic  performance  of 
the  turnip,  none  were  eonnidered  suit,  in  factory'. 

13 


16.  Tor.tr.  wore  conducted  *.o  investigate  the  effects  ol'  extending 
the  length  of  Uio  piers  downstream,  Tost  results  rovonlod  that  partial 
pier  extensions  toward  t.he  back  wall  induced  adverse  circulation  around 
the  downstream  end  of  the  piers,  Hat.  1 a factory  sump  performance  was 
achieved  with  individual  buys  that,  were  formed  by  extending  t.he  piers  to 
the  ivick  wall  (Plate  7).  Velocity  measurements  indicated  satisfactory 
velocity  distribution  in  the  individual  hays,  and  only  intermittent  sur- 
face depressions  with  stage  (a)  vortexes  as  shown  in  Figure  6 and 
Photo  10  were  evident  in  the  vicinity  of  each  pump.  Although  it  war. 
considered  that  this  type  vortex  might  not  be  harmful,  tests  were  con- 
ducted to  develop  a device  that  would  eliminate  the  vortex.  investiga- 
tion of  several  types  of  vortex  suppressors  resulted  in  selection  of  the 
type  1 (Plate  7),  which  eliminated  the  surface  depressions.  Pressure 
fluctuations  expressed  as  feet  of  water  and  rotational  flow  tendencies 
measured  with  vortimeters  as  revolutions  per  minute  in  the  prototype 
pumps  are  given  in  Table  P.  The  values  indicate  a significant,  reduction 
in  magnitude  when  compared  with  the  values  obtained  with  the  original 
design  (Table  l).  Velocities  measured  with  various  sump  elevations  and 
combinations  of  pumps  operating  are  presented  in  Plates  O-Pfl.  These 
velocities,  were  measured  1 ft  above  the  floor  of  the  sump  and  indicate 
the  lateral  flow  distribution  approaching  the  pumps. 

Recommended  Pes i gn 

17-  Engineers  of  the  U.  !! . Army  Engineer  District,  ,’t  . Paul,  de- 
cided, for  reasons  of  economy,  t.o  eliminate  the  11,000  gpm  (fit  in.)  pump 
and  revise  the  cross  section  of  the  three  gravity-flow  discharge  con- 
duits from  fl  ft,  in  diameter  t.o  7 ft  square.  The  recommended  pumping 
station  design  (Plate  P9 } was  developed  by  incorporating  these  modifica- 
tions. Various  flow  conditions  with  the  recommended  design  are  illus- 
trated in  riiotos  11-10.  The  trashraek  has  an  ins igai  flcant.  effect  on 
hydraulic  performance  and  should  be  used  for  all  bays.  Velocities  mea- 
sured with  various  sump  elevations  and  combinations  of  pumps  operating 
are  presented  in  Plates  P0-)i8  and  indicate  that  the  recommended  sump 


design  should  provide  antis  factory  flow  distribution  to  the  pumps. 
Pressure  fluctuations  mid  rotational  flow  tendencies  observed  witli  the 
recommended  design  are  given  In  Table  3.  The  values  in  Table  1 and 
Photo  20  indicate  essentially  no  flow  instability  or  swirl  at  the  piunp 
intakes.  A comparison  of  Table  1 (original  design)  and  Table  3 (recom- 
mended design)  indicates  a reduction  in  maximum  pressure  fluctuations 
from  3.6  ft  (original  design)  to  1.0  ft  of  water  (recommended  design) 
mid  a reduction  in  swirl  from  7.6  rpm  (original  design,  prototype  speed) 
to  0.3  rimi  (recommended  design).  The  type  3 vortex  suppressors 
(Plates  7-29)  eliminated  any  tendency  for  surface  vortexes  as  illus- 
trated by  dye  injected  into  the  flow  in  Photo  21. 

ifl.  Satisfactory  flow  conditions  were  observed  for  all  antici- 
pated flow  conditions  with  the  three  7-ft  square  conduits  (type  3 
gravity-flow  intakes)  shown  in  Plate  29.  Performance  with  the  maximum 
anticipated  flow  of  995  cfs  is  illustrated  in  Photo  22. 


PART  IV:  DISCUSSION 


19.  Hydraulic  performance  of  the  pump  sump  and  gravity-flow  sec- 
tion was  improved  by  the  addition  of  minor  modifications  developed  dur- 
ing the  model  study.  Satisfactory  operation  of  the  pumps  and  gravity- 
flow  section  should  be  anticipated  due  to  the  elimination  of  severe  flow 
instability,  swirl,  and  pressure  fluctuations  in  the  vicinity  of  the 
pump  intakes  and  contraction  of  flow  at  the  right  abutment  of  the 
gravity-flow  section. 

20.  The  major  hydraulic  problems  encountered  were  generated  by 
the  concentrated  inflow  that  passed  through  the  forebay  into  the  pump 
sump  with  one  or  more  pumps  operating,  and  by  the  adverse  geometry  and 
route  required  for  gravity  flow  from  the  three  inflow  conduits  to  the 
three  outflow  conduits.  Several  alternate  designs  that  included  baffles 
in  the  forebay  to  disperse  the  inflow  were  unsuccessful. 

21.  Satisfactory  sump  flow  conditions  were  obtained  by  rounding 
the  noses  of  the  piers  to  reduce  separation  of  flow  at  entry  and  by 
isolating  each  pump  by  extending  the  piers  to  the  back  wall  of  the  sump. 
Pressure  cells  located  on  the  floor  of  the  sump  directly  below  the 
center  line  of  each  pump  intake  reflected  the  improved  flow  conditions 
that  resulted  from  the  recommended  modifications  by  indicating  a reduc- 
tion in  maximum  pressure  fluctuations  from  about  3.6  ft  of  water  with 
the  original  design  to  approximately  1.0  ft  of  water  with  the  recom- 
mended design.  Freewheeling  propellers,  with  zero  pitch  blades,  located 
in  the  approximate  position  of  the  prototype  pump  propeller  indicated  a 
reduction  in  maximum  swirl  from  7.6  rpm  (prototype  speed)  with  the  orig- 
inal design  to  0.3  rpm  with  the  recommended  design.  Velocities  measured 
in  the  approach  to  the  recommended  design  indicated  uniformly  distrib- 
uted flow  to  the  pumps.  The  severe  drawdown  of  flow  at  the  entrance  to 
the  gravity-flow  section  was  eliminated  by  streamlining  the  right  abut- 
ment and  providing  a more  direct  route  for  flow  to  enter  the  gravity- 
flow  section. 
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Table  1 

Pressure  Fluctuations  and  Dwirl  at  Pump  Intakes.  Original  Design 


Sump 

Pump  No 

i.  ft 

.’unr  Per fomance  Indicator 

1 

2 

3 

It 

5 

757 

Pressure  fluctuation* 

X 

0.5 

X 

V 

X 

Rotational  flow  tendency. 

rpn 

0 

757 

Pressure  fluctuation 

X 

1.1* 

2.3 

X 

X 

Rotational  flow  tendency. 

rpm 

0 

li . 2* 

X 

X 

767 

Pressure  fluctuation 

X 

1.5 

1.0 

2.0 

X 

Rotational  flow  tendency. 

rpm 

1.3* 

it..1*- 

7 •<>■*' 

757 

Pressure  fluctuation 

X 

X 

X 

X 

0.5 

Rotational  flow  tendency. 

rpm 

3 ^ rN  ► 

760 

Pressure  fluctuation 

X 

0.2 

X 

X 

X 

Rotational  flow  tendency. 

rpm 

0 

760 

Pressure  fluctuation 

X 

o.1' 

2.0 

X 

X 

Rotational  flow  tendency. 

rpm 

0 

t.3’ 

760 

Pressure  fluctuation 

X 

1.0 

0.5 

2.3 

X 

Rotational  flow  tendency. 

rpn 

2.5 

1 . 3- 

5.7* 

760 

Pressure  fluctuation 

X 

1 .0 

0.  5 

o.r 

0.r' 

Rotational  flow  tendency. 

rpm 

1.0- 

0 

0 

0 

760 

Pressure  fluctuation 

X 

X 

X 

X 

0.5 

Rotational  flow  tendency. 

rpn 

1 .0- 

761 

Pressure  fluctuation 

X 

0.2 

X 

X 

X 

Rotational  flow  tendency. 

rpn 

0 

761 

Pressure  fluctuat ion 

X 

2.0 

3. 1* 

X 

X 

Rotational  flow  tendency. 

rpm 

h.l*- 

1.6* 

761 

Pressure  fluctuation 

X 

1.0 

0.6 

2.0 

X 

Rotational  flow  tendency. 

rpn 

1.0* 

0.  3* 

!».!»* 

761 

Pressure  fluctuation 

X 

1.0 

o.r- 

o.r> 

0.5 

Rotational  flow  tendency. 

rpn 

3.1  - 

1.3- 

761 

Pressure  fluctuation 

X 

X 

X 

X 

0.2 

Rotational  flow  tendency. 

rpm 

0 

760 

Pressure  fluctuation 

X 

0.2 

X 

X 

X 

Rotational,  flow  tendency. 

rpn 

0 

760 

Pressure  fluet nation 

X 

3.5 

X 

X 

Rotational  flow  tendency. 

rpm 

2.0- 

762 

Pressure  fluet nation 

X 

'>  0 
l « 0 

1.0 

3.1 

X 

Rotational  flow  tendency. 

rpn 

p. 

3.  3- 

762 

Pressure  fluctuation 

X 

3.0 

1.0 

0.5 

1.0 

Rotational  flow  tendency. 

rpm 

5.7* 

2. 1* 

0 

0 

762 

Pressure  flue  (.nation 

X 

X 

X 

X 

0.2 

Rotational  flow  tendency. 

rpm 

0 

Not  o: 


» 


All  magnitudes  are  expressed  in 

* * clockwise  rotation 

* = counterclockwise  rotation 
X » pump  not  operating 

rpn  • revolutions  per  minute 
Discharge  per  pump,  jh ,000  gpm 
Pressure  fluet .nations  are  given 


forms  of  prototype  equivalents. 


in  feet  of  water 


Table  2 


Pressure  Fluctuations-,  and  Svirl  at  Pump  Intakes 
Type  2 Divider  Wall,  Type  1 Pump  Bay  Wall,  Type  3 Vortex  Suppressors 
Type  2 Pier  Noses,  and  Type  2 Gravity-Flow  Intakes 


Gump  Pump  No. 


51,  ft 

Sump  Performance  Indicator 

1 

2 

3 

5 

5 

757 

Pressure  fluctuation* 

X 

0 

X 

X 

X 

Rotational  flow  tendency. 

rpm 

0.5"" 

757 

Pressure  fluctuation 

X 

0 

0 

X 

X 

Rotational  flow  tendency. 

rpm 

0.2" 

X 

757 

Pressure  fluctuation 

X 

0 

0 

0 

X 

Rotational  flow  tendency. 

rpm 

0 

0 

0 

757 

Pressure  fluctuation 

X 

2.0 

0 

0 

0 

Rotational  flow  tendency. 

rpm 

2.0" 

0 

0 

0. 

757 

Pressure  fluctuation 

** 

0 

0 

0 

0 

Rotational  flow  tendency. 

rpm 

1.0" 

0 

0 

0.5-* 

757 

Pressure  fluctuation 

X 

X 

X 

X 

0 

Rotational  flow  tendency. 

rpm 

0 

757 

Pressure  fluctuation 

X 

1.0+ 

X 

X 

X 

Rotational  flow  tendency. 

rpm 

1.5’ 

760 

Pressure  fluctuation 

X 

0 

X 

X 

X 

Rotational  flow  tendency. 

rpm 

0.3" 

760 

Pressure  fluctuation 

X 

0 

0 

X 

X 

Rotational  flow  tendency. 

rpm 

0 

0 

760 

Pressure  fluctuation 

X 

0 

0 

0 

X 

Rotational  flow  tendency, 

rpm 

0 

0 

0 

760 

Pressure  fluctuation 

X 

0 

0 

0 

0 

Rotational  flow  tendency. 

rpm 

0 

0 

0 

0.6-*- 

760 

Pressure  fluctuation 

X 

X 

X 

X 

0 

Rotational  flow  tendency. 

rpm 

0 

(Continued) 

Note:  All  magnitudes  are  expressed  in  prototype  equivalents. 

= clockwise  rotation 
= counterclockwise  rotation 
X = pump  not  operating 
rpm  = revolutions  per  minute 
* Pressure  fluctuations  are  given  in  feet  of  water. 

**  Pump  No.  1,  15,000  gpm  (not  instrumented);  pumps  Nos.  2-5, 
34,000  gpm  each. 

t Pump  No.  2,  34,000  gpm,  recycling  15,000  gpm  to  forebay. 


Table  2 (Concluded) 


Sump  Pump  No. 


El,  ft 

Sump  Performance  Indicator 

1_ 

0 

c 

3 

Jl7 

76l 

Pressure  fluctuation* 

X 

0.5 

X 

X 

X 

Rotational  flow  tendency. 

rpm 

0 

761 

Pressure  fluctuation 

X 

2.0 

2.0 

X 

X 

Rotational  flow  tendency. 

rpm 

0 

0 

761 

Pressure  fluctuation 

X 

1.0 

0.5 

0 

X 

Rotational  flow  tendency. 

rpm 

0 

0 

0 

761 

Pressure  fluctuation 

X 

1.0 

1.0 

0 

0 

Rotational  flow  tendency. 

rpm 

0 

0 

0 

0 

76l 

Pressure  fluctuation 

X 

X 

X 

X 

0 

Rotational  flow  tendency, 

rpm 

0 

762 

Pressure  fluctuation 

X 

0.5 

X 

X 

X 

Rotational  flow  tendency. 

rpm 

0 

762 

Pressure  fluctuation 

X 

1.0 

1.0 

X 

X 

Rotational  flow  tendency. 

rpm 

0 

0 

762 

Pressure  fluctuation 

X 

1.0 

1.0 

1.0 

X 

Rotational  flow  tendency. 

rpm 

0 

0 

0 

762 

Pressure  fluctuation 

X 

1.0 

1.0 

1.0 

0 

Rotational  flow  tendency. 

rpm 

0 

0 

0 

0 

762 

Pressure  fluctuation 

X 

X 

X 

X 

0 

Rotational  flow  tendency. 

rpm 

0 

* Pressure  fluctuations  are  given  in  feet  of  water 


Table  3 

Pressure  Fluctuations  and  Swirl  at  Pximp  Intakes 
Type  2 Pump  Configuration,  Type  1 Pump  Bay  Wall,  Typo  3 Vortex 
Suppressors,  Type  2 Pier  Noses,  and  Type  3 Gravity -Flow  Intakes 


Pump  No. 


X = pump  not  operating 
rpm  = revolutions  per  minute 
Discharge  per  pump,  3^,000  gpm 
Pressure  fluctuations  are  in  feet  of  water. 


E.1,  ft 

Sump  Performance  Indicator 

2 

s 

h 

5 

757 

Pressure  fluctuation* 

0 

X 

X 

X 

Rotational  flow  tendency,  rpm 

0.2*- 

757 

Pressure  fluctuation 

0 

0 

X 

X 

Rotational  flow  tendency,  rpm 

0 

0 

757 

Pressure  fluctuation 

0 

0 

0 

X 

Rotational  flow  tendency,  rpm 

0 

0 

0 

757 

Pressure  fluctuation 

0.5 

0 

0 

0 

Rotational  flow  tendency,  rpm 

0.3*- 

0 

0 

0.2-* 

757 

Pressure  fluctuation 

X 

X 

X 

0 

Rotational  flow  tendency,  rpm 

0 

760 

Pressure  fluctuation 

0 

X 

X 

X 

Rotational  flow  tendency,  rpm 

0 

760 

Pressure  fluctuation 

0 

0 

X 

X 

Rotational  flow  tendency,  rpm 

0 

0 

760 

Pressure  fluctuation 

0 

0 

0 

X 

Rotational  flow  tendency,  rpm 

0 

0 

0 

760 

Pressure  fluctuation 

0 

0 

0 

0 

Rotational  flow  tendency,  rpm 

0 

0 

0 

0 

760 

Pressure  fluctuation 

X 

X 

X 

0 

Rotational  flow  tendency,  rpm 

0 

761 

Pressure  fluctuation 

0.2 

X 

X 

X 

Rotational  flow  tendency,  rpm 

0 

761 

Pressure  fluctuation 

1.0 

1.0 

X 

X 

Rotational  flow  tendency,  rpm 

0 

0 

76l 

Pressure  fluctuation 

0.5 

0 

0 

X 

Rotational  flow  tendency,  rpm 

0 

0 

0 

(Continued) 

Note: 

All  magnitudes  are  expressed  in  prototype 

equivalents 

1 , 

= clockwise  rotation 
**  = counterclockwise  rotation 

1 


Table  3 (Concluded) 


Sump  Pump  No. 


El.  ft 

Sump  Performance  Indicator 

2 

3 

5 

5 

761 

Pressure  fluctuation* 

0.5 

0.5 

0 

0.2 

Rotational  flow  tendency,  rpm 

0 

0 

0 

0 

761 

Pressure  fluctuation 

X 

X 

X 

0 

Rotational  flow  tendency,  rpm 

0 

7 62 

Pressure  fluctuation 

0 

X 

X 

X 

Rotational  flow  tendency,  rpm 

0 

762 

Pressure  fluctuation 

0.5 

0.5 

X 

X 

Rotational  flow  tendency,  rpm 

0 

0 

762 

Pressure  fluctuation 

0.5 

0.5 

0.5 

X 

Rotational  flow  tendency,  rpm 

0 

0 

0 

762 

Pressure  fluctuation 

0.5 

0.5 

0.5 

0.5 

Rotational  flow  tendency,  rpm 

0 

0 

0 

0 

762 

Pressure  fluctuation 

X 

X 

X 

0 

Rotational  flow  tendency,  rpm 

0 

* Pressure  fluctuations  are  in  feet  of  water 
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PLATE  3 


TYPES  2 AND  3 BAFFLES 
TYPE  2 DIVIDER  WALL  124-IN.  PUMP) 
TYPE  2 PIER  NOSE 


TYPE  3 VORTEX  SUPPRESSORS 

TYPE  2 PIER  NOSES 

TYPE  2 GRAVITY-FLOW  INTAKES 


SECTION  A- A 


L 


TYPE  3 VORTEX  SUPPRESSORS 


VELOCITY  MEASUREMENTS 
PUMP  2 OPERATING 
SUMP  EL  757 


PUMP  5 OPERATING 


PUMPS  2 AND  3 OPERATING 
SUMP  EL  757 


VELOCITY  MEASUREMENTS 
PUMPS  2,  3,  AND  4 OPERATING 
SUMP  EL  757 


PUMPS  I,  2,  3,  4.  AND  5 OPERATING 
SUMP  EL  757 


TRASHtfAC** 


VELOCITY  MEASUREMENTS 
PUMP  5 OPERATING 
SUMP  EL  760 


VELOCITY  MEASUREMENTS 
PUMPS  2 AND  3 OPERATING 
SUMP  EL  760 


I 


SUMP  EL  760 


VELOCITY  MEASUREMENTS 
PUMPS  2,  3,  4,  AND  5 OPERATING 


PUMP  2 OPERATING 
SUMP  EL  761 


VELOCITY  MEASUREMENTS 
PUMP  5 OPERATING 
SUMP  EL  761 
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VELOCITY  MEASUREMENTS 
PUMPS  2 AND  3 OPERATING 
SUMP  EL  761 


PUMPS  2,  3,  AND  4 OPERATING 
SUMP  EL  761 


SUMP  EL  761 


VELOCITY  MEASUREMENTS 
PUMP  2 OPERATING 
SUMP  EL  7U 


VELOCITY  MEASUREMENTS 
PUMP  5 OPERATING 
SUMP  EL  762 


VELOCITY  MEASUREMENTS 
PUMPS  2 AND  3 OPERATING 
SUMP  EL  762 


SUMP  EL  762 


VELOCITY  MEASUREMENTS 
PUMPS  2,  3,  4,  AND  5 OPERATING 
SUMP  EL  762 


RECOMMENDED  DESIGN 
VELOCITY  MEASUREMENTS 
PUMP  5 OPERATING 


2.33 


VELOCITY  MEASUREMENTS 
PUMPS  Z,  3,  AND  4 OPERATING 


RECOMMENDED  DESIGN 
VELOCITY  MEASUREMENTS 
PUMP  2 OPERATING 


RECOMMENDED  DESIGN 
VELOCITY  MEASUREMENTS 
PUMP  5 OPERATING 


RECOMMENDED  DESIGN 
VELOCITY  MEASUREMENTS 
PUMPS  2,  3,  4,  AND  5 OPERATING 


RECOMMENDED  DESIGN 
VELOCITY  MEASUREMENTS 
PUMP  5 OPERATING 
SUMP  EL  761 


TYPE  3 | 
VO0TEM 

suppressors 


RECOMMENDED  DESIGN 
VELOCITY  MEASUREMENTS 
PUMPS  2 AND  3 OPERATING 


PLATE  42 


L 


VELOCITY  MEASUREMENTS 
PUMPS  2.  3.  AND  4 OPERATING 


RECOMMENDED  DESIGN 
VELOCITY  MEASUREMENTS 
PUMP  5 OPERATING 


PUMP  2 OPERATING 


VELOCITY  MEASUREMENTS 
PUMPS  2,  3,  AND  4 OPERATING 


RECOMMENDED  DESIGN 
VELOCITY  MEASUREMENTS 
PUMPS  2,  3,  4,  AND  5 OPERATING 


! 

In  accordance  with  letter  from  DAEN-RDC,  DAEN-ASI  dated 
22  July  1977,  Subject:  Facsimile  Catalog  Cards  for 
Laboratory  Technical  Publications,  a facsimile  catalog 
card  in  Library  of  Congress  MARC  format  is  reproduced 
below. 


Fletcher,  Bobby  P 

Indian  Creek  pumping  station,  Mankato,  Minnesota;  hydraulic 
model  Investigation  / by  Bobby  P.  Fletcher.  Vicksburg,  Miss.  : 
U.  S.  Waterways  Experiment  Station  ; Springfield,  Va.  : avail- 
able from  National  Technical  Information  Service,  1978. 

16,c27j  p.,  48  leaves  of  plates  : ill.  ; 27  cm.  (Technical 
report  - U.  S.  Army  Engineer  Waterways  Experiment  Station  ; 
H-78-8) 

Prepared  for  U.  S.  Army  Engineer  District,  St.  Paul,  St. 

Paul,  Minnesota. 

1.  Entrances  (Fluid  flow).  2.  Flow  characteristics.  3.  Hy- 
draulic models.  4.  Indian  Creek  Pumping  Station.  5.  Pumping 
stations.  I.  United  States.  Army.  Corps  of  Engineers.  St.  Paul 
District.  II.  Series:  United  States.  Waterways  Experiment  Sta- 
tion, Vicksburg,  Miss.  Technical  report  ; H-78-8. 

TA7.W34  no. H-78-8 


